Testosterone regulation of proopiomelanocortin messenger ribonucleic acid in the arcuate nucleus of the male rat.
GnRH regulates the secretion of LH and FSH, which stimulate the secretion of testicular hormones. Acting in a reciprocal fashion, these hormones, including testosterone and inhibin, exert a negative feedback effect on GnRH and gonadotropin secretion. Endogenous opioid peptides (EOPs) have been implicated to play a role in steroid-mediated regulation of gonadotropin secretion. In this context, certain steroid hormones (e.g. testosterone) increase EOP activity and ultimately inhibit GnRH secretion; however, the cellular mechanism by which this occurs is unknown. beta-Endorphin is one of these EOPs, and it is derived from a larger precursor molecule, POMC. We tested the hypothesis that testicular hormones and testosterone, in particular, stimulate POMC gene expression in the arcuate nucleus of the male rat brain. First, we compared POMC mRNA levels between intact and castrated male rats. Adult male rats were killed 4 days (n = 4) and 21 days (n = 5) after castration. Intact animals (sham-operated; n = 6) were used as controls. Using in situ hybridization and a computerized image analysis system, we measured the POMC mRNA content in individual cells of the arcuate nucleus. POMC mRNA signal was significantly lower (P less than 0.0003) in both 4-day (126 +/- 2 grains/cell) and 21-day (117 +/- 5 grains/cell) castrates than in controls (142 +/- 2 grains/cell). In a second experiment we tested whether testosterone would reverse the castration-induced loss of POMC message. Again, we castrated animals and immediately implanted them with either empty (sham; n = 6) or testosterone-containing Silastic implants (n = 5) of a size that would deliver physiological levels of testosterone (3.6 +/- 1.5 ng/ml). We observed that testosterone-treated animals had significantly higher levels of POMC mRNA signal (121.8 +/- 3.8 grains/cell) than sham-treated castrates (111.4 +/- 3.6 grains/cell; P less than 0.03) and that the testosterone-treated castrates had POMC mRNA signal levels indistinguishable from those of intact controls (122.0 +/- 1.1 grains/cell). These observations lend credence to the theory that one mechanism by which testosterone may regulate GnRH secretion is by increasing the synthesis of POMC in the arcuate nucleus.